Abstract: A series of novel quinoline-3-carboxamide derivatives 10-17 and 23-27 were designed and synthesized as cholesteryl ester transfer protein (CETP) inhibitors. All of them exhibited activity against CETP. Particularly, compounds 24 and 26 displayed the best activity against CETP with the same inhibitory rate of 80.1%.
Introduction
Coronary heart disease (CHD), a leading cause of death around the World [1] , has an inverse relationship with serum high density lipoprotein (HDL) cholesterol levels [2] . Raising of HDL cholesterol levels provides a potential therapeutic benefit for CHD patients [3, 4] . Cholesteryl ester transfer protein (CETP) is a plasma glycoprotein which plays an important role in decreasing HDL-C level and increasing LDL-C level [5] . Inhibition of CETP may be a new therapy for atherosclerosis [6] [7] [8] [9] [10] . The research on CETP inhibitors such as dalcetrapib, anacetrapib and evacetrapib ( Figure 1 ) has become a new hotspot for the treatment of CHD [11] [12] [13] . In our lab a series of 2,3-dihydro-4-tetrahydroquinolones were found to have potent CETP inhibitory activity by virtual screening, including lead-like rule, clustering analysis, biological activity spectra prediction, ADME/Tox prediction and synthetic feasibility prediction [14] . Compound 1, a best effective CETP inhibitor among these derivatives, showed 30% inhibitory rate against CETP at 10 μ M in a buffer assay. In this study, our primary objective was to optimize the potency of compound 1 against CETP and obtain more potent CETP inhibitors. Based on the scaffold hopping strategy, 2,3-dihydro-4-tetrahydroquinolone was changed to a quinoline ring while retaining the aryl group at the 6 position ( Figure 2 ). 6-Arylquinoline-3-carboxamide derivatives 10-17 were thus designed and synthesized. The crystal structure of CETP reveals a long continuous tunnel (60 Å) with a very large volume (2,560 Å 3 ) [15] , so in order to make the structures bind nicely with CETP in the bulky active cavity, the phenyl ring substituent was replaced by larger and more flexible 6-benzyloxy and 7-methoxy groups to give the derivatives 23-27 which were also synthesized. All of target compounds 10-17, 23-27 were evaluated their CETP inhibitory activity by a radioisotope-based assay. 
Result and Discussion

Chemistry
The synthetic pathway to the 6-phenylquinoline-3-carboxamide derivatives is shown in Scheme 1. Compound 3 was obtained in 65% yield by treatment of 3-bromobenzaldehyde 2 with violet acid (H 2 SO 4 :HNO 3 = 10:1, V/V). Suzuki coupling of aryl bromide 3 with phenylboronic acid or 4-methylphenylboronic acid gave compounds 4 or 5, which were reduced with zinc dust to provide substituted o-amino benzaldehydes 6 or 7. 3-Quinolinecarboxylic acids 8 or 9 was prepared by cyclization of 6 or 7 with ethyl acetoacetate and p-tolylsulfonic acid at 100 °C and then hydrolyzed with 5% NaOH solution. Coupling of 8 or 9 with commercially available amines afforded the target compounds 10-17. Scheme 1. The synthesis of 6-phenylquinoline-3-carboxamide derivatives 10-17. The preparation of the 6-benzyloxy-7-methoxyquinoline-3-carboxamide derivatives is shown in Scheme 2. Alkylation of commercially available isovanillin (18) with benzyl bromide and potassium carbonate at 90 °C in DMF produced compound 19, which was nitrated with nitric acid at 0 °C to afford 20. The later steps were same as the synthesis of the 6-phenylquinoline-3-carboxamide derivatives. 
Biological Activity
In vitro inhibitory activity of all target compounds 10-17, 23-27 against CETP was evaluated by a radioisotope-based assay. The inhibition (%) results are presented in Table 1 . All the newly synthesized derivatives exhibited considerable CETP inhibitory activity (inhibitory rates: 20.7%-80.1%). Particularly, p-tolyl amide 24 and t-butyl substituted amide 26 exhibited the best inhibitory activity towards CETP, with the same inhibitory rate of 80.1%, which is approximately the same activity of the positive control dalcetrapib. Substitution at 6 and 7 positions of the quinoline-3-carboxamide scaffold was considered a determining factor in the activity. Indeed, compounds 26, 24 and 23 with 6-benzyloxy-7-methoxy groups showed better activity than the corresponding substituted 6-phenyl analogues 17, 14 and 11, respectively. We speculate that the bulky 6-benzyloxy-7-methoxy group packs nicely in the large hydrophobic cavity of CETP. In addition, compounds 14 and 24 with a substituted aryl group on the 3-carboxamide nitrogen atom showed higher potency than other corresponding alkyl analogues in the two chemical classes. 
Experimental
General
All melting points were obtained on a Büchi Melting Point B-540 apparatus (Büchi Labortechnik, Flawil, Switzerland) and were uncorrected. Mass spectra (MS) were taken in ESI mode on Agilent 1100 LC-MS (Agilent, Palo Alto, CA, USA). Nuclear magnetic resonance spectroscopy was performed using Bruker ARX-300, 300 MHz spectrometers (Bruker Bioscience, Billerica, MA, USA) with TMS as an internal standard. IR spectra (KBr disks) were recorded with a Bruker IFS-55 instrument (Bruker). All the materials were obtained from commercially available sources and used without further purification, unless otherwise specified. Yields were not optimized. Compound 21 was synthesized according to the literature [16, 17] .
5-Bromo-2-nitrobenzaldehyde (3)
. Compound 2 (27.1 g, 0.15 mol) was slowly added dropwise to violet acid (150 mL, H 2 SO 4 :HNO 3 = 10:1, V/V) cooled to −5 °C and then stirred at room temperature for 0.5 h. The reaction mixture was poured into ice water to give a white precipitate which was filtered off and purified by recrystallization from 5:1 petroleum ether/ethyl acetate to give the desired product 3 (21.7 g, 65%) as a off-white solid; m.p. 60.5-61.9 °C. 
4-Nitrobiphenyl-3-benzaldehyde (4)
. To a solution of 3 (22.7 g, 0.1 mol) in alcohol (150 mL) and K 2 CO 3 (1 M) (150 mL) was added phenylboronic acid (16.8 g, 0.14 mol) and then Pd(AcO) 2 (0.10 g, 0.4 mmol) and acetylacetone (0.3 mL, 1.2 mmol). The mixture was refluxed for 1 h and cooled to room temperature. The solution was concentrated and quenched with water, then extracted with ethyl acetate. The organic layer was washed with water and brine, and then dried over Na 2 SO 4 . Solvent was removed under reduced pressure and the resulting residue was purified by column chromatography (25% EtOAc/petroleum ether, silica) to provide the title compound (16.3 g, 72% yield) as a yellow solid; m.p. 71.0-73.4 °C. (6) . To a solution of 4 (5.0 g, 22 mmol) in water (100 mL) and alcohol (33 mL) was added ammonium chloride (7.1 g, 132 mmol) and then zinc dust (17.2 g, 264 mmol). The mixture was stirred at room temperature for 2 h and filtered. The filtrate was concentrated and quenched with water, then extracted with ethyl acetate. The organic layer was washed with water and brine and then dried over Na 2 SO 4 . Solvent was removed under reduced pressure and obtained 6 (3.4 g, 79% yield) as a yellow solid used directly to the next step without any purification; m.p. 124.5-125.8 °C. 9 g, 17 mmol) . The mixture was heated to 100 °C for 10 min and cooled to room temperature. Next 10% NaOH (20 mL) was added and stirred for 30 min to give a yellow precipitate. The precipitate was isolated by filtration and washed with water to give 8 as a yellow solid. Without any purification, the solid was dissolved in 5% NaOH (100 mL). The solution was refluxed for 2 h and cooled to room temperature. The reaction mixture's pH value was adjusted to 2 with 6 N hydrochloric acid giving a greyish white precipitate. The precipitate was filtered and washed with water to pH 7. The filter cake was dried to give 8 (3.1 g, 69% yield for two steps) as a greyish white solid; m.p. 187.8-188.9 °C. 
4-Aminobiphenyl-3-benzaldehyde
6-Phenyl-2-methylquinoline-3-carboxylic acid (8)
. Compound 6 (3.4 g, 17 mmol) was mixed with acetoacetic ester (2.3 g, 17 mmol) and p-tolylsulfonic acid (2.
5-Benzyloxy-4-methoxy-2-nitrobenzaldehyde (20). Compound
5-Benzyloxy-4-methoxy-2-aminobenzaldehyde (21). Compound
6-Benzyloxy-7-methoxy-2-methylquinoline-3-carboxylic acid (22
General Procedure for the Synthesis of Quinoline-3-carboxamide Derivatives 10-17, 23-27
To a solution of 8, 9, 22 (1 mmol) in dry DMF (10 mL) was added 1-hydroxybenzotrizole (HOBt) (1.5 mmol) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC . HCl, 1.5 mmol). The mixture was stirred at room temperature for 2 h, and then the corresponding amine (2.0 mmol) and DIEA (2.0 eq) were added. The reaction mixture was stirred at room temperature for 5 h, poured into ice water. The precipitate was filtered, washed with water, and then recrystallized with ethyl acetate or purified by column chromatography (silica gel) to give 10-17, 23-27. (10 (13) . Yellow solid, 64% yield, m.p. 174.5-175.6 °C. (14) . Yellow solid, 84 % yield, m.p. 221.0-221.8 °C. (15 129.3, 129.7, 130.9, 134.8, 136.3, 137.3, 137.7, 139.2, 146.3, 155.7 
N-Decyl-2-methyl-6-phenylquinoline-3-carboxamide
N-(2-Phenylethyl)-2-methyl-6-(p-tolyl)quinoline-3-carboxamide
N-(4-methoxyphenyl)-2-methyl-6-(p-tolyl) quinoline-3-carboxamide
N-Benzyl-2-methyl-6-(p-tolyl)quinoline-3-carboxamide
6-(Benzyloxy)-7-methoxy-2-methyl-N-(4-methylphenyl)quinoline-3-carboxamide (24
CETP Inhibition Assay
CETP activity was determined by detecting the exchange of radioactive cholesteryl ester between labelled HDL and unlabelled LDL [18] . Briefly, fresh rabbit serum containing CETP was incubated in TSE buffer (50 mM Tris, 50 mM NaCl, 2 mM EDTA and 1% bovine serum albumin) containing 10 μmol/L test compounds dissolved in dimethyl sulfoxide [final concentration of both rabbit serum and dimethyl sulfoxide in incubation mixture was 0.5% in 300 μL volume] for 4 h at 37 °C. Then incubated for another 16 h at 37 °C with 0.5 μL [ 3 H]cholesteryl ester-labeled HDL and 5 μL unlabelled LDL in 600 μL volume. LDL was precipitated with dextran sulfate (final concentration: 0.027%) and MgCl 2 (final concentration: 27 mM) for 30 min. Centrifuged at 5,000 g and 4 °C for 30 min to get the supernatant, and its radioactivity was measured in a liquid scintillation counter (Wallac 1410, Pharmacia, Uppsala, Sweden). The CETP activity was determined by the decrease in radioactivity versus that of a blank without serum.
Conclusions
In conclusion, a series of novel quinoline-3-carboxamide derivatives 10-17 and 23-27 were synthesized and their CETP inhibitory activity evaluated. Generally, compounds substituted with 6-benzyloxy-7-methoxy groups possessed more potent CETP inhibitory activity. Compounds 24 and 26 exhibited promising inhibitory activity of CETP (80.1%) compared with the lead compound 1 (30%). As a novel CETP inhibitor scaffold, further structural modifications of the quinoline-3-carboxamide moiety are progressing in our lab.
